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Motivation

Decreased visibility - increased regional
haze in protected areas;

Major contributor of particulate matter
(PM), ozone, NOx, VOCs and other
pollutants;

Impedes the ability of regions to achieve
National Ambient Air Quality Standards
(NAAQS) for PM 2.5 and ozone;

Alters the Earth’s radiation balance and
feedback to climate change (i.e. cloud
formation, patterns of precipitation,
vegetation change, black carbon on snow
and ice).




Fire Plume Injection Height

. is |mportant tifully assess.
If KE 5on t get the injection height correct, the transp
pollutants will be incorrectly modeled result;\ng in:

t of

* a mis-informed public (air quality reports), which could
adversely affect human health;

* an inability to accurately assess the Exceptional Events Rule
(72 FR 13560, March 22, 2007), which allows the exempti*‘
of certain monitored data that are affected by natural

exceptional events from consideration when determining a
State’s NAAQS con'ip.li?ncg,; and o - ‘




This work serves as an example of the capacity
of A-train data (CALIOP, MODIS and GEOS-5) to
inform both Science and Applications.

Object|ves of th|s talk

I Introduce the methodology used to generate a |
, flre plume |nject|on height databaseﬁ usmg 2

comblnatlon of A- tram data’ (CALI@P Mgmﬁa nd:

?; i; .,‘ ;:-*-
, -

‘GEOS-5). <l &

Il Seek Audlerfce Feedback [T }

Together with existing A-train MISR plume height data, we
can inform the current understanding and modeling of
fire plume injection height.



Example of the Problem

CALIPSO plume height Chemical transport model
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_emissions will be incorrect potentially adversely influencing
public health and the Exceptlbnal Events Rule.
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History

.~ Previous plume height has been based on
4 the pioneering work of G.A. Briggs [1969;

1971] and verified with limited field
campaign data [Clements et al., 2007].

We have an increasing number of ground-

7 based lidar and aircraft verification

measures.

There are currently 2 satellites that can

> | provide the statistics necessary to

1 year after burn

i8¢ understand and verify plume height.

I. MISR - Multi-angle Imaging
SpectroRadiometer

Il. CALIPSO - Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observation



CALIPSO

* able to identify plume heights from extensive smoke fields;

* increased capability of detecting optically thin smoke layers at a finer
vertical resolution;

* smoke plume identification with back trajectories are temporally
random, representing the entire temporal range of fire plumes.

MISR

* needs abrupt well-defined columns - relies on multi-view angles to
estimate the stereo height of distinct features;

* substantially larger swath width than CALIPSO which results in a greater
opportunity to capture smoke plumes [Kahn et al., 2007]; &

* morning overpasses do not represent the natural temporal fire pattern.

spacecraft Resolution Overpass Availabilit

MISR (Terra) AOD, aerosol 17.6 x 17.6 km? 10:30 a.m. ~Once every 7
plume height days

CALIOP extinction 100 m 1:40p.m. = Once every 16

(CALIPSO) profile, . 4 diameter days

X 30 m vertical



Fire Regimes Vary Widely







Fire Intensity/Energy Release

*¢* Combine rate of spread/fuel
consumption/heat of combustion
to determine fire intensity (I=HWR)
= resistance to control

¢ Savanna Fires: .
e 10-12t/ha -
e 500-10,000kW/m = v
* Lower convection columns

g )
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* Boreal/Temperate Forestfiresf  mumm
25-50 t/ha > L

100-100,000 kW/m, " #5%
> fuel consumption & intensity
Towering convection columns®
reaching UTLS: o D )

A typical high-
intensity boreal
crown fire
convection column'
viewed from '
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June 28 2008
Columns near
Lake Athabasca:
5-6 km

Photos courtesy P3 group

Climate > Weather = Available Fuel = Injection height



Fires between
~ Athabascaand June 302008
Reindeer Lakes

Photos courtesy
P3 group

Climate — = Injection height



Typical pyroCb convection columns (10-12 km)

o T
behavior: continuous
high-intensity

crown fires




Process

Smoke
Plume«...
Injected

CALIPSO

| overpass = |

=Coincidence in Calipso and plume;
=LaRC trajectory model to;
"Coincidence with fire detection

All in 3-dimensional space and time



Current Criteria for Coincidence

Smoke
CALIPSO W\ oo [ Plumiew..

- overpass injected

Coincidence Criteria

¢ Coincidence between air parcel and fire detection in space
(20 km) and time (day)

¢ Fire detection > 35% confident

+» If above boundary layer, must be coincident with 10 or more
detections
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CALIPSO Curtains 08 Aug 2006 (v3)

Attenuated Color Ratio, 1064nm/532nm UTC: 2006-08-08 20:07:30.3 to 2006-08-08 20:20:59.0 Version: 3.01 Nominal Daytime
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Pressure

265, 275.
Temop (K)

10001

-130

-120

Longitude

-110

-100

-90

Trajectories are
initialized at ~1
second intervals
along the CALIPSO
smoke segment track
and at 500m vertical
intervals within the
smoke plume. There
is a 15 minute
trajectory time step.



Schematic of trajectory initialization:
each cross represents an initial parcel location

altitude
4
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Smoke plume

>

along segment distance



T — 24 hrs: Back
trajectories pass over
“fire of interest” in

Coincidence

with some North-Central
fires of Washington in the mid
interest. troposphere (~ 500 mb,
~17000 ft, ~5.2 km).
1000 L
-130  -120 =110 =100 =90

Longitude



T — 36 hrs: Back trajectories pass over “fire of interest” in
North-West Montana, in the lower trop. (~ 800 mb, ~ 6500 ft, ~ 2 km)

“Additional
. coincidence wi
more fire of
interest at tower . >

Altitudes R

255. 265. 275. 285.
Temp (K)




Coincident fires: day 0806 Coincident fires: day 0807

Coincident fires: day 0808

are traced back in tlme,,.éa;p' \ |
day there are u;giqu’@
coincidences with - °

fires on the ground.
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Two larger fires burning in Washington.
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August 06, 2006
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Two larger fires burning in Washington
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August 07, 2006




McIORS
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Two larger fires burning in Washington
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Two smaller fires burning in Montana.
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Verification

Forward trajectory from fires in Washington

GEOSS FWD traj 20060807 Valid 2006080820 Z GEOSS5 FWD troj 20060805 Valid 2006080820 Z
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Fire 13, Washington, August 07, 2006  Tripod Fire 14, Washington, August 05, 2006



Altitude (km)
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Verification

Forward Trajectory
from Montana

CALIPSO Lidar Version 3.01

Contributions to
the southern section
of the overpass
at about 1 to 3 km

| CALIPSO Lidar Version 3.01



Altitude (km)

(@)

N

GEOSS5 FWD traj 20060807 Valid 2006080820 Z

Verification
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Forward Trajectory
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| CALIPSO Lidar Version 3.01



GEOSS FWD troj 20060806 Volid 2006080820 7 GEOSS FWD troj 20060807 Volid 2006080820 Z

g

250. 262. 274, 286,

Temp (K]

g 3
e ] 6+ i
£ 6
=
L oar 4T
2 g [
< 2r 2r

0 . ) . . 0 . . . n

~-115 ~110 ~105 —100 -115 -110 -105 -100

Longitude Longitude

Contribution to altitudes ~1 km and below.

UTC: 2006-08-08 20:07:30.3 to 2006-08-08 20:20:59.0 Version: 3.01 Nominal Daytime '006-08-08 20:20:59.0 Version: 3.01 Nominal Daytime

Color Ratio,
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6 53.54 59.47 65.30 70.95
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face 6 = subsurface 7= totally attenuated L = low/no confidence

Verification

Boundary layer fires

from the east

CALIPSO Lidar v3.01
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Smoke Attribution
BC August 07

* Thelfires in Washington injected A Sak2 August 06 ND August 07
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Layer}'spanning from about 2 to 6 km. ND August 07
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above the Boundary Layer at about 2-4 km

IIIII
IIIII
uIIII\
i

& =
Sak August 07 _==sE==
2 ND August 07
Sak 2 August 06 NDlAugust 07
* All Saskatchewan and Nprth Dakota fires QAIUOP Vertical Signal from

injected in the Boundary Layer at around 1 km August 08 2006



This plume can be attributed to 9 separate fires, burning
on different days (12 event days):

Washington - large fire

August 6" (~ 3400 m);

August 7t" (mean 3300 m, range 1900 — 6300 m);
Washington - medium-sized fire

August 7™ (range 2200 — 4400 m)
British Columbia ‘

August 7th about 3400 m
Montana fires — 2 of them

August 6"— mean 1980 12
Saskatchewan (2 fires)

August 6t and 7th~ 1000 m
North Dakota (2 fires) August 7t" ~ 2000 m
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Conclusmn§ i ,;if..

% CALIPSO data prowde a spatlally and temporally
random view of fire plume data, one that is not limited
to particular fire types or times of day. - ,

“* One CALIOP-swath can be representative of a
complicated 3-D térﬁpor-al and spatial story that
incorporates-several days, several fire events and-a
range of fire types from agricultural to large wildfires.

% _In concert, CALIOP and MISR data will add to the
statistical knowledge necessary to improve our
knowledge of the dynamics. of fire plume injection
height.
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